We report a prospective, stratified study of 60 PCA-cups and 60 RM-polyethylene cups which have been followed for a median time of 90 months, with annual radiography.
One of the main problems in clinical outcome studies of hip replacement is that a follow-up of about ten years is required to obtain reliable information on revision rates. By the time that results are available the prosthesis may no longer be in use or may have been modified considerably. Before such evaluation is complete, many patients may have been given a prosthesis which has a risk of a poor outcome. There is a need to predict the results from a new prosthesis as early as possible. Freeman and Plante-Bordeneuve (1994) have shown the predictive value of vertical migration of femoral stems and several other authors have studied the migration of hip sockets by roentgen stereophotogrammetry (RSA) (Baldursson et al 1980; Mjöberg et al 1986; Snorrason and Kärrholm 1990; Mjöberg 1991; Onsten et al 1994) . These studies suggest that hip sockets which migrate rapidly in the first two years are more likely to fail than those which do not.
We have investigated the predictive value of socket migration on survival curves and revision rates.
PATIENTS AND METHODS
Between 4 January 1984 and 10 December 1985 in a prospective, randomised trial we implanted 120 hip prostheses in patients aged between 50 and 65 years with primary or secondary osteoarthritis, excluding cases of rheumatoid arthritis and osteonecrosis. They were stratified with regard to surgeon and implant, so that two experienced surgeons performed 60 operations, each implanting 30 Robert Mathys (RM) cups and 30 Porous-Coated Anatomic (PCA) cups according to a random-number protocol. The uncemented all-polyethylene RM cups (Morscher type; Robert Mathys Co, Bettlach, Switzerland) were combined with ME Müller straight stems (Protek AG, Berne, Switzerland) and the PCA cups with PCA stems (Howmedica, Rutherford, New Jersey).
The hip arthroplasties were performed in an ultraclean laminar-flow operating room. All 60 PCA prostheses were implanted unilaterally in different patients. One patient had bilateral RM cups, and this group therefore included 59 patients. For this report we studied only the cups, and all data refer to these.
The patients had annual follow-up examinations including hip radiography and completion of a questionnaire which since 1991 has used the Standard System of Terminology for Reporting Results (Johnston et al 1990 Radiographs were taken at three days, six weeks and three months after operation, and then at yearly intervals. Migration was measured on 1189 radiographs of the 120 patients, using the EBRA method (Russe 1988; Krismer et al 1995) . The accuracy of this method has been assessed by independent observers who compared the results with those of RSA Ilchmann, Freeman and Mjöberg 1992 ). The mean difference from the RSA results was 0.39 ± 0.32 mm (SD) for vertical migration and 0.26 ± 0.31 mm for transverse migration.
Measurements were performed using a digitising tablet with backlight (Digikon DK 3648; Kontron Elektronik, Eching b. München, Germany; maximum error 0.2 mm) and a drafting machine (MAX PM-1222PX120 X 220; MAX Co Ltd, Tokyo, Japan) mounted on the digitising tablet. The digitiser was linked to an IBM-compatible PC.
EBRA is based on an algorithm which selects radiographs which are comparable in respect of pelvic tilt in both sagittal and transverse axes. Migration is then measured exclusively between highly comparable radiographs. If there is no comparable radiograph, the observation is censored, although the radiographs are available. Comparability can be calculated separately for transverse and for sagittal tilt, so that the EBRA data can be censored only for vertical or transverse migration. The total migration (M) is computed from these by Pythagorus' theorem. The calculation of total migration requires information on migration in both directions, so that more data need to be censored. At two years, full EBRA migration data were available for 102 cups (85%).
The threshold values for recording early migration were chosen from a practical viewpoint. The 95% confidence limit of EBRA data is 1 mm (Krismer et al 1995) , and we chose therefore a threshold migration speed of 1 mm within the first year, and a lower speed of 1 mm in the first two years (0.5 mm/year) after operation. The more sensitive threshold is likely to detect differences better, and we believe that it is justified to use different threshold values for migration speed, and a constant threshold value for migration distance.
Migrations were measured by a small number of students trained by one of the authors (PM) to make precise measurements. Any decision to offer revision surgery during follow-up was based on the patient's symptoms and on obvious radiological signs of loosening and was taken by experienced orthopaedic surgeons. The decisions to revise were not influenced by the research migration measurements; these were not usually known at the time of revision.
Statistical analysis used the SAS statistical software package (SAS Institute Inc, Cary, North Carolina). The logrank test was used to compute survival analysis, and differences between migration values were calculated by the Wilcoxon rank-sum test. Specificity, sensitivity and a positive predictive value were computed by the methods of Ilstrup (1990) .
RESULTS
We found no significant difference in survival rates between the two cups: 7 of 60 PCA cups and 12 of 60 RM cups required revision. For PCA cups the survival rate at 96 months was 0.88 (SEM ± 0.04) and for RM cups 0.86 ± 0.05 (log-rank test, p = 0.16; chi-squared value = 1.96; Fig. 1) .
A migration of >1 mm was highly predictive for the final outcome (Table I ; Figs 2, 3 and 4). For all periods (1, 2, 3 and 5 years) and migration speeds which we evaluated, there was a significant difference in revision rates between migrating and non-migrating cups.
The sensitivity and specificity were best for a total migration threshold of 0.5 mm/year within the first two years, and for a vertical migration threshold of 0.33 mm/ year within the first three years (Table II) . The best predictive value was obtained for the results for the first year. The Table II . The percentage sensitivity, specificity and positive predictive value of the measurement of migration over different periods. Sensitivity is the probability that migration will be more than the threshold value when the cup is revised. Specificity is the probability that the cup has not migrated when the cup has not required revision. The positive predictive value is the probability that a cup which migrated more than the threshold has required revision
Migration
Years Sensitivity Specifity migration values are shown in Table III ; there were some differences between the two cups, especially for transverse migration. With longer periods of follow-up the RM cups also showed a relative increase in vertical migration.
DISCUSSION
Our aim was to evaluate the predictive value of migration measurement on the revision rate, and we have demonstrated this clearly.
RSA is the most accurate method of determining migration; our EBRA method is cheaper and simpler but is less accurate. Standard radiographs can be used, and there is no need to implant tantalum balls.
As has been postulated for the stem by Freeman and Plante-Bordeneuve (1994) , this method of predicting failure is based on the belief that many, but not necessarily all, cases of late aseptic loosening have been 'loose' from the time of implantation. Migration is the result of insufficient initial fixation or loss of fixation. Mjöberg (1991) has pro- Kaplan-Meier survival curve of cups with and without a total migration of 1 mm or more within the first two years. No EBRA data were available for four cups, and survival is therefore calculated for 16 revisions, 13 of them in the increased migration group (p = 0.0001, chisquared value = 39.4).
Fig. 4
Kaplan-Meier survival curve of cups with and without a total migration of 1 mm or more within the first five years. No EBRA data were available for 12 cups, survival is calculated for eight revisions, seven of them in the increased migration group (p = 0.02, chi-squared value = 5.8).
posed a broader definition, however, including both instability upon provocation and migration over a period of time, although a prosthetic component showing slight migration usually remains asymptomatic for many years. By Mjöberg's (1991) definition a slightly migrating socket should be regarded as loose, and therefore the chosen threshold migration value should be as low as possible, subject to the method of measurement. We chose migration of 1 mm because this is the 95% confidence limit of the EBRA method (Krismer et al 1995) . To estimate the best period for observation, we calculated sensitivity and specificity for vertical, transverse, and total migration at various intervals. Total migration of at least 1 mm after two years has a specificity and sensitivity of more than 80% and therefore seems appropriate for EBRA migration studies. Freeman and Plante-Bordeneuve (1994) proposed the same observation period for migration studies of femoral stems based on their method.
There are considerable differences in some comparability studies between different designs of prosthesis (Soballe et al 1993; Freeman and Plante-Bordeneuve 1994; Krismer et al 1994) , which suggests that migration can be used as a measure of implant quality. The high predictive value of migration studies after an observation period of two yearsmakes such studies suitable for testing new prostheses. Franzén, Mjöberg and Onnerfält (1993) found that sockets revised with cement fixation showed extremely high migration rates, and interpreted this as due to poor fixation in patients with severe bone loss. Onsten, Åkesson and Obrant (1995) also considered that the poor quality of the periacetabular bone may explain the increased rate of socket loosening. This implies that migration is also a measure of bone quality. Since the quality of bone stock has an important role in initial stability, it is essential that migration studies are always carried out with a control group.
We conclude that early migration is highly predictive for later revision rates, and consider that the testing of new hip sockets should be based on controlled studies of early migration. 
